This study describes a seroepidemiological survey on Rift Valley fever (RVF) among small ruminants and their close human contacts in Makkah, Saudi Arabia. A total of 500 small ruminants (126 local, 374 imported) were randomly selected from the sacrifice livestock yards of Al-Kaakiah slaughterhouse, in the holy city of Makkah, during the Rev. sci. tech. Off. int. Epiz., 33 (3) 2 No. 22052014-00032-EN 2/26 pilgrimage season 1432 H (4-9 November 2011). In addition, blood samples were collected from 100 local workers in close contact with the animals at the slaughterhouse. An RVF competition multi-species enzyme-linked immunosorbent assay (ELISA) detecting anti-RVF virus immunoglobulin G (IgG)/immunoglobulin M (IgM) antibodies and an RVF IgM-specific ELISA were used for serological investigations. In total, 84 (16.8%) of the 500 sacrificial sheep and goats tested seropositive in the competition ELISA but no IgM antibodies were detected in the IgM-specific assay. All seropositive samples, comprising 17.91% of the imported animals and 13.49% of the local ones, were therefore designated positive for anti-RVF virus IgG antibody. Among the local personnel working in close contact with the animals, 9% tested seropositive in the RVF competition ELISA. The study indicates that two factors may increase the likelihood of an RVF outbreak among sacrificial animals and pilgrims: i) the large-scale importation of small ruminants into Saudi Arabia from the Horn of Africa shortly before the pilgrimage season, and ii) the movement of animals within Saudi Arabia, from the RVFendemic south-western area (Jizan region) to the Makkah region, particularly in the few weeks before the pilgrimage season. From these findings, it is recommended that i) all regulations concerning the import of animals into Saudi Arabia from Africa should be rigorously applied, particularly the RVF vaccination of all ruminants destined for export at least two weeks before exportation, and ii) the movement of animals from the RVF-endemic south-western area (Jizan region) of Saudi Arabia to the Makkah region should be strictly prohibited.
Introduction
Rift Valley fever (RVF) is a severe mosquito-borne viral disease affecting humans and domestic ruminants and caused by a Phlebovirus (Bunyaviridae) (1) . The fever was first described in 1930 in the Rift Valley of Kenya (2) and is assumed to have spread from No. 22052014-00032- EN 3/26 there to other regions of Africa (3) . Among animals it mainly affects ruminants, causing abortions in gravid females and mortality among their young. In humans the infection is usually asymptomatic or is characterised by a moderate fever; however, in 1% to 3% of cases more severe forms of the disease (hepatitis, encephalitis, retinitis, haemorrhagic fever) can lead to major sequelae or death (4) .
The first confirmed RVF outbreak outside Africa was reported in 2000
in Yemen and Saudi Arabia in the Arabian Peninsula (5, 6) . In with 124 deaths. However, both the severity of the disease and the relatively high death rate of 14% might be a consequence of underreporting the less severe cases (8) .
Before the outbreak in Saudi Arabia, the potential for RVF to spread out of its usually recognised endemic area had already been exemplified by an epidemic in Egypt in 1977; Table I shows reported epizootics of RVF virus (RVFV) in numerous countries in Africa and the Middle East (2, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39) .
Outbreaks of RVF are associated with persistent heavy rainfall with sustained flooding and the appearance of large numbers of mosquitoes, which are the main vector. Localised heavy rainfall is seldom sufficient to create conditions for an outbreak; the simultaneous emergence of large numbers of first-generation transovarially infected mosquitoes or the introduction of a viraemic animal is also required. After amplification of the virus in vertebrates, mosquitoes act as secondary vectors to sustain the epidemic (40) . The annual emergence of RVFV has been reported in Zambia during or
No. 22052014-00032-EN 4/26 after the seasonal rains, and an increase in the number of seroconverted animals has been associated with vegetational changes (41) . The detection of mosquitoes of the genus Aedes, which are competent vectors of the virus, during inter-epizootic periods in Kenya, suggests that a cryptic vector-to-vertebrate cycle of the virus may exist during these periods (42) .
In animals, RVF may be inapparent in non-pregnant adults but outbreaks are characterised by the onset of abortions and high neonatal mortality. Jaundice, hepatitis and death are seen in older animals. In humans, RVF may present as a haemorrhagic disease with liver involvement; there may also be ocular and neurological lesions (40) . The haemorrhagic form was the most frequent presentation of RVF during the 2008 outbreak in Madagascar and was responsible for a high level of mortality in humans (30) . all the subsequent socio-economic and public health consequences.
The importance of an effective and controlled vaccination programme for local animals and verification of the immune status of imported herds was emphasised (45) .
During the past three decades, and particularly in recent years, RVFV has become an important subject of interest as public health agencies have become alerted to the possible emergence of this arbovirus in temperate countries. Aspects of the epidemiology of the virus are still not fully understood, and safe effective vaccines are still not freely available for protecting humans and livestock against the dramatic consequences of this infection (46) . In Saudi Arabia, some millions of small ruminants, mostly imported from the Horn of Africa, where RVF is endemic, are sacrificed annually during the pilgrimage season.
During traditional sacrificial slaughtering, aerosols of infected blood may be generated, increasing the risk of infection among abattoir workers and butchers. Moreover, the increase in populations of mosquitoes, the main RVFV vector, among the overcrowded pilgrims is another potential risk factor for human infection (47) .
In the present study, a seroepidemiological survey on RVFV was carried out among small ruminants and workers in close contact with the animals during the pilgrimage season of 1432 H (4-9 November 2011) in order to detect any potential risk of the eruption of new RVF outbreaks among the animals and pilgrims.
Materials and methods

Sample population
A total of 500 sacrificial animals were randomly selected from the (Table II) .
Blood samples were collected from the jugular veins of the animals and sera were separated the same day. In addition, blood samples were collected from 100 local workers at the livestock yards of the slaughterhouse (south of Makkah). All serum samples were stored at -80ºC until serological testing.
Serological surveillance of Rift Valley fever virus among sacrificial animals and their human contacts
Serum samples from the sacrificial animals and their human contacts were evaluated for total anti-RVFV IgM/IgG antibodies using ID screen® RVF competition multi-species ELISA kits (ID-Vet Innovative Diagnostics, Montpellier, France). In a second step, seropositive samples were tested for specific anti-RVFV IgM antibodies using ID screen® RVF IgM ELISA kits (ID-Vet Innovative Diagnostics, as above). All samples that tested positive for total RVFV antibodies but negative for IgM were assumed to be positive for anti-RVF IgG antibodies. Serological assays were carried out at the diagnostic veterinary laboratory at Jizan port; the manufacturer's instructions were followed.
Results
Seroprevalence of Rift Valley fever virus among contact workers
Among the serum samples of 100 local personnel working in close contact with the sacrificial animals, nine (9%) were positive in the RVFV competition ELISA.
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Seroprevalence of Rift Valley fever virus among sacrificial animals
In total, 84 (16.8%) sera among 500 samples from sacrificial animals tested positive in the RVFV competition ELISA. No IgM antibodies were detected and therefore all the positives were considered as anti-RVFV IgG antibody positive (Table III) (Table V) .
Discussion
Rift Valley fever is an acute viral disease that affects humans and ruminant animals (48) and is considered one of the most important viral zoonoses in Africa (49) . The epidemic of RVF in south-western Saudi Arabia in 2000 coincided with simultaneous occurrences of the disease in Yemen. These epidemics were the first documented evidence of RVFV transmission outside Africa (5, 6, 39) , and since that date RVFV has been considered an important animal and human pathogen in Saudi Arabia and Yemen.
In the present study, RVFV seropositivity was detected among small ruminants and personnel in close contact with the animals in the Two lines of evidence support this speculation. First, the epidemic in 2000 began spontaneously in geographically diverse areas in Saudi Arabia and Yemen, suggesting that dissemination of the virus probably occurred before the epidemic period (6) . Second, the genetic sequence of the virus isolated in Saudi Arabia and Yemen is closely related to that of the virus isolated in the 1997-1998 outbreaks in East
Africa (50). This situation is similar to the introduction of RVFV from Sudan into Egypt, where an extensive epizootic of RVF was reported for the first time in 1977 and 1978 and caused high morbidity and mortality in domestic ruminants (21, 22, 23) . Before this first outbreak in Egypt, RVF had been reported in 20 countries in sub-Saharan Africa (51) . Sudan was the most likely origin of the Egyptian outbreak and the most probable hypotheses were introduction of the virus by infected animals, especially camels, or by insects carried on the wind, or a combination of both (52) . Another hypothesis suggested an introduction via sheep transported along Lake Nasser (53) Paweska et al. (61) for the detection of specific IgG antibodies in sera of African buffalo; the diagnostic sensitivity of the assay was 98.7% and diagnostic specificity 99.36% (61) .
In the present study, 84 (16.8%) of 500 sacrificial animals tested seropositive for anti-RVFV antibodies and, in the absence of IgM antibodies, all these samples were presumed to be positive for IgG antibody. In the Senegal River Basin, however, antibody prevalence in some areas was as high as 85%, with approximately 80% of the sera testing positive for both anti-RVFV IgG and viral-specific IgM antibodies among animals from areas with active transmission of the virus (62) . It is known that IgM persists for about two to three months after infection (46) The appearance of RVF outside the African continent might be related to the export of infected animals from Africa (8 
Conclusions
Rift Valley fever continues to present a threat to public health during pilgrimage seasons in Saudi Arabia. Two factors may increase the possibility of RVF outbreaks among sacrificial animals and pilgrims:
the first is the intensive importation of small ruminants from the Horn of Africa shortly before the pilgrimage season; the second factor, from within Saudi Arabia, is the movement of animals from the RVFendemic south-western area (Jizan region) to the Makkah region ( Fig. 1) , particularly in the few weeks before the pilgrimage season.
The findings of the study demonstrate that better understanding of the epidemiology of the disease is needed, in order to have an efficient and effective strategy for control and prevention. It is further suggested that, to facilitate the launch of such a strategy, better collaboration between the veterinary and public health authorities in Saudi Arabia is required.
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Recommendations
The following ten recommendations may contribute to the prevention and control of RVF in Saudi Arabia: 
Zambia 1985 Hussein et al.
Zambia 1992 Davies et al.
Zambia 1997 Samui et al.
Egypt 1977-1978 Darwish et al.
Imam & Darwish (22) Meegan et al.
Egypt (Upper Egypt) 1993 Gabery et al.
Egypt (Upper Egypt) 1997 Abd El-Rahim et al.
Mauritania and Senegal 1987 Walsh (26) Madagascar (East Coast) 1990
Morvan et al.
Madagascar (Central Highlands) 1991 Morvan et al.
Madagascar 2008 Jeanmaire et al.
Rakotoarivelo et al. 
South Africa 2008-2010 WHO (38)
Middle East
Saudi Arabia (south-western Jizan region)
2000
Al-Hazmi et al.
CDC (7) Madani et al.
Yemen ( where seropositive animals and human cases have been detected
